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A B S T R A C T

Despite an overall recovery of European large raptor populations, the golden eagle (Aquila chrysaetos) population 
in Greece is Endangered. Poisoning from baits set illegally for carnivore control is known as an important 
mortality factor, impacting a wider avian scavenger assemblage in our study area. We analysed golden eagle 
mortality data from northern Greece for the last 35 years, including the fates of 29 satellite-tagged individuals 
from the last decade. Poisoning accounted for 65 % of the overall mortality, the highest percentage recorded 
globally for any eagle population. Known fate survival models from telemetry data revealed 0.78 and 0.85 annual 
survival rates for immature and adults, respectively (the lowest reported in telemetry studies), improving 
markedly when censored for poisoning mortality. Poisoning occurred disproportionally close to protected areas, 
more often in areas with high carnivore livestock depredation and almost exclusively in winter when eagles were 
more likely to scavenge. Golden eagles were usually poisoned by directly feeding on carcasses and offal baits 
laced predominantly with illegal toxic substances (e.g. carbofuran and methomyl). Electrocution was the second 
cause of mortality, and collision with turbines was also recorded. The main conservation implication of our 
findings is that urgent policy changes are required to reverse the population's decline, mainly against the illegal 
use of poisoned baits and across prevention, legislative and enforcement levels. We propose specific measures 
towards this direction, such as improving livestock husbandry, further capacity building for wildlife crime 
investigation and reforms in relevant legislation.

1. Introduction

Long-term conservation efforts have improved the conservation 
status of most European raptor populations (BirdLife International, 
2017), but regional trends remain unfavourable for many species, 
particularly for obligate and facultative scavengers (Angelov, 2024; 

Velevski et al., 2015; Xirouchakis, 2019). Understanding the causes of 
avian population declines provides the fundamental knowledge base for 
reversing them (Green, 2002; Loss et al., 2015). For large raptors, ter
ritorial adult mortality is a key demographic constraint (Penteriani 
et al., 2005; Whitfield et al., 2006). Mortality during the transient 
dispersal period is usually the highest (Fielding et al., 2023; Newton 
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et al., 2016) and can also impact population persistence (Penteriani 
et al., 2008; Penteriani et al., 2005).

Human induced mortality causes reported for European raptors are 
poisoning (Buij et al., 2025), electrocution and collision with energy 
infrastructure (Dahl et al., 2013; Hernández-Matías et al., 2015) and 
especially in S. Europe, shooting (Pedrini and Sergio, 2001; Xirouchakis, 
2001). Mortality causes can be identified through necropsies and clinical 
examinations of recovered birds (McIntyre, 2012), analysis of data 
collected in recovery sites (Lazarova et al., 2020), interviews with au
thorities and land users (Pedrini and Sergio, 2001; Xirouchakis, 2001), 
and wildlife hospital admission records (Müller et al., 2007).

Raptors are among the most threatened avian taxa in Greece (Vavylis 
et al., 2021). The golden eagle is an iconic species useful in public 
awareness. It is symbolic for nature conservation, as a top predator an 
indicator of ecosystems integrity and carries a significant cultural value 
in Greece (Stara et al., 2016). It has been protected since 1983 but is still 
endangered (EN) (Bounas and Sidiropoulos, 2024) with most mainland 
populations declining (Sidiropoulos et al., 2024b). Historically, the 
species suffered widespread persecution, primarily through shooting 
(Hallmann, 1985; Xirouchakis, 2001). Poisoning now appears to be the 
top threat (Sidiropoulos et al., 2024b), despite bans on poisoned baits in 
Greece 1993. This illegal practice, commonly used for carnivore control, 
frequently results in raptor fatalities as non-targeted victims (Ntemiri 
et al., 2018). Persecution in remote areas is challenging to document and 
prosecute, though land use often reveals underlying drivers (Newton, 
2021; Whitfield et al., 2003). Satellite telemetry offers unbiased mor
tality data (Crandall et al., 2019; Whitfield and Fielding, 2017) and can 
uncover case details otherwise inaccessible (Csermak Jr et al., 2023; 
Peshev et al., 2022). Identifying and publicising illegal persecution cases 
supports conservation, enhances law enforcement and guides targeted 
awareness campaigns (Giraldo-Amaya et al., 2021).

Greek law follows EU regulations banning poisoned baits, e.g. Аnnex 
VI, EC 92/43 (EC, 1992). The national legislative framework on do
mestic animal welfare has been recently expanded to protect wildlife, 
including anti-poisoning provisions for protected species, such as the 
golden eagle (article 188 of law 5037) (Government Gazette of the 
Hellenic Republic, 2023). Although the intentional killing of protected 
species has been upgraded to a felony, in itself a positive step incurring 
high penalties for direct persecution such as shooting, this direct 
“transfer” of legislation originally enacted for domestic animals might 
prove challenging in its application. Poisoning non-protected species, 
such as red foxes (V. vulpes) or wolves (Canis lupus) (above the 39o N 
parallel), is considered a misdemeanour with trivial consequences for 
perpetrators. This ‘intention’ ambiguity might be used to alleviate 
penalties as raptors are not directly targeted. To our knowledge, no 
successful prosecution has ever been achieved in Greece for poisoning 
protected wildlife.

This study updates the pattern of mortality causes for golden eagles 
in northern Greece (Sidiropoulos et al., 2024b), focusing on poisoning, 
using three decades of data (1991–2025) to address critical conservation 
concerns. We aimed to (i) rank mortality causes for golden eagles in 
northern Greece in terms of their severity, (ii) analyse poisoning prac
tices, (iii) investigate seasonal patterns of poisoning, hypothesising 
higher incidences in winter due to increased scavenging, (iv) assess the 
spatial distribution of poisoning relative to protected areas, (v) explore 
links between poisoning and livestock depredation, (vi) evaluate golden 
eagle survival rates with a focus on poisoning, and (vii) assess poisoning 
impacts on other wildlife. We also reviewed global literature on mor
tality causes for seven eagle species and golden eagle survival rates, 
interpreting findings within a conservation policy framework.

2. Methods

2.1. Study area

The study area was northern Greece (Macedonia and Thrace), 

covering 42,801 km2 (Fig. 1). The climate was Mediterranean – conti
nental Mediterranean and the terrain hilly, with an average altitude of 
486 m (0 to 2917 m). Predominant covers were farmland (43.1 %), 
woodland (27.9 %), and scrub or open areas (23 %), supporting activ
ities such as agriculture, livestock rearing, and forestry. The remaining 6 
% consisted of wetlands, waterbodies, and artificial surfaces (European 
Union / Copernicus Land Monitoring Service, 2018). Hunting was 
permitted in all its extent except in Wildlife Refuges (10.9 %) and zones 
near settlements and other infrastructures. The Natura 2000 network of 
protected areas covered 33.1 % of the study area, and an additional 5.6 
% was covered by non-overlapping Wildlife Refuges.

2.2. Data collection

We compiled two datasets for known mortality cases of golden eagles 
in northern Greece, including other poisoned wildlife species near the 
incidents (up to 4 km distance). The first dataset (1991–2023) included 
35 cases and combined data from Governmental (n = 4) and Non- 
Governmental Organizations (n = 15), wildlife hospital admissions (n 
= 8) and interviews with land users (n = 8) (Methods in Appendix A1, 
dataset details in Table B1). The second dataset included 14 cases from 
telemetry data, (n = 29 satellite-tagged golden eagles) and three un
tagged individuals recovered alongside them (2015–2025) (Methods in 
Appendix A2, dataset details in Tables B1 and B2). We considered only 
cases of birds that were fully fledged and developed flight capabilities (i. 
e., over one month post-fledging).

We distinguished six causes of death (hereafter COD): poisoning, 
shooting, electrocution, collisions with wind turbines, accidents, and 
unknown. We determined COD by combining evidence from (a) nec
ropsies and clinical examinations of living birds, (b) field autopsies, (c) 
toxicological analyses, and (d) interviews conducted in the field (Lab
oratory and detection Methods in Appendix A3).

2.3. Data analysis

Data were analysed in R using the “terra” package and visualised in 
QGIS (Hijmans, 2024; QGIS Development Team, 2021; R-Core_Team, 
2023). To evaluate the severity of the mortality causes in our popula
tion, we performed chi-square tests to check for differences with a 
random (equal) expected distribution among different CODs. Looking 
into poisoning practices and impacts, we calculated the frequency of bait 
types and substances used (toxic substances in Table C1). For spatial 
analysis, we considered only the incidents with accurate localities 
available (n = 21). To explore the seasonal patterns of poisoning in
cidents, we considered only the incidents with known times of fatalities 
(n = 32). We divided the year into two periods: winter (October–March) 
and summer (April – September), following the brumation period of 
tortoises (Stojadinović et al., 2017), the main prey of our study popu
lation (Sidiropoulos et al., 2022). We then used a chi-square test with 
expected values of an equal incident distribution between the two sea
sons to test for statistical differences.

To explore the spatial patterns of mortality cases in relation to pro
tected areas (Fig. 1), we used a golden eagle habitat preference model 
for dispersing eagles (Fielding et al., 2019) and territorial adults 
(Fielding et al., 2024), and adapted to our study area (Sidiropoulos et al., 
2024a). We extracted highly suitable areas as those with a suitability 
class ≥ 6 on a scale of 10 discrete classes of the model (10 is the highest 
suitability class). We computed the ratio of highly suitable areas within 
protected areas over the overall high suitability area (ratio 1). We then 
computed the ratio of poisoning incidents falling at a distance < 1 km 
from the highly suitable areas of the protected areas over the total 
number of incidents (ratio 2). We used the two ratios to investigate 
whether eagle poisoning occurred more in and around protected areas 
through a proportion test (Crawley, 2013).

To explore the relationship of poisoning with human - large carni
vore conflict intensity, we obtained data on the number of depredation 
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incidents of wolf and bear and the related number of livestock animals 
killed at the municipality level for the period 2012–2021, from the 
Hellenic Agricultural Insurances Organization (Figs. D1, D2). For each 
municipality, we computed the carnivore (bear and wolf) attack rate as 
the number of attacks per 100 km2 and then extracted the average rate in 
a 5 km buffer around the 21 known localities of poisoning incidents. This 
buffer was applied to accommodate both the intrinsic dataset spatial 
coarseness and the extensive large carnivore ranging behaviour 
(Kanellopoulos et al., 2006; Mancinelli et al., 2018). We then calculated 
the respective depredation rate in 10,000 sets of 21 random 5 km buffers 
in the whole study area. We compared the means of depredation rates 
between the two datasets (21 incidents and 10,000 random point sets), 
and we used the position of the actual mean in the distribution of the 
random dataset as a test statistic (Gotelli and Ellison, 2004).

To estimate golden eagle survival rates, we specified quarterly in
tervals, considering separately 22 juvenile birds (tagged as fledglings) 
and seven birds of breeding age (≥ 4th calendar year, hereafter c. y.). 
Juveniles were thus entered at the beginning of the study (at age 0.25, 
second yearly quarter) and all territorial birds at a separate interval at 
the beginning of the first quarter of the fourth year. We used the known 
fate model with the logit-link function in the program MARK (Pollock 
et al., 1989; White and Burnham, 1999) implemented in the “RMark” 
package (Laake, 2022). We fitted age and season models to derive age 
and season-specific survival rates. Model performance was evaluated 
using Akaike's information Criterion corrected for small sample sizes 
(AICc). We reran the final model after censoring poisoning mortality to 

assess the effects of poisoning on eagle survival (Appendix E, Table E1).

2.4. Literature review

We performed a literature review for all eagles ‘mortality causes 
worldwide (terms “eagle” and “poisoning”/ “mortality” in Scopus 
database), in addition to specific monographs on the golden eagle 
(Bautista and Ellis, 2024; Watson, 2010). We also conducted a literature 
review for the survival rates of the golden eagle populations worldwide 
(terms “golden eagle” and “survival” in Scopus database).

3. Results

3.1. Mortality causes

Since 1991, we collected 52 cases of golden eagle recoveries in 42 
incidents. We were able to assign COD in 49 of them (Table B1, B3). 
Mortality was almost entirely human-induced (90 %) and poisoning was 
by far the main cause, accounting for 65 % of all fatalities, followed by 
shooting (12 %) and electrocution (10 %) (Table B3). In the telemetry 
dataset only, poisoning accounted for 10 out of 14 recovered tags from 
29 deployments. The COD distribution was significantly different from 
random in both datasets treated (χ2 = 49.9 for the various-sources 
dataset and χ2 = 46.2 for the telemetry dataset df = 5, P < 0.0001).

Fig. 1. Recorded golden eagle fatalities by cause of death in Northern Greece (Macedonia – Thrace administrative division) across protected areas. Background 
indicates habitat suitability, noting with darker colours areas of higher suitability (modified by Sidiropoulos et al., 2024a). Inset shows study area location in 
SE Europe.
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3.2. Poisoning practices and impacts on other wildlife

Four substances were detected in baits, with carbofuran and then 
methomyl being the most frequently used (Table C1). Where known (n 
= 27 cases), most golden eagles (74 %) died after direct ingestion of 
baits, while the rest (26 %) suffered secondary poisoning, namely by 
consuming other carnivores. Perpetrators prepared entire carcasses (n =
9) and in a few cases the offal piles with poison (n = 3). We excluded 
incidences without available data (interview data, other cases before 
2000, the most recent incident of January 2025 where tests are pending- 
see Fig. D2). Toxicological tests were run in 15 incidents covering 21 
cases (six in the first and nine in the second dataset. In five incidents / 
cases, where sole eagles were recovered near carcasses, tests could not 
detect the toxic substance (three in the first and two in the second 
dataset). In seven incidents, more than one eagle was recovered (range 
1–3 additional birds) and in six incidents other raptors and carnivores 
were involved.

In total, 45 raptors and 41 carnivores were recovered in the vicinity 
of baits that killed golden eagles, including other protected raptors such 
as vultures, harriers and kites, as well as wolves and foxes, being the 
likely target species (inventory of other wildlife species affected pre
sented in Table C1).

3.3. Poisoning seasonality

Of the 32 cases of a known period of poisoning, 94 % occurred in 
winter (October–March), especially in January and February (58 % of 
cases) (Table B1). This difference was significantly higher than summer 
poisoning (χ2 = 14.2 for the various-source dataset, χ2 = 10.3 for the 
telemetry dataset, df = 1, P < 0.002).

3.4. Poisoning in protected areas

The extent of highly suitable habitat in the study area was 19,744 
km2, and almost half (45 %: 8907 km2) fell within protected areas. Most 
poisoning incidents (71 %) were within 1 km of protected areas with 
highly suitable habitat (median distance 370 m) (Fig. 1). The proportion 
test showed that protected areas had not a buffering role against 
poisoning, as that golden eagle poisoning occurred significantly more 
near protected areas proportionally to the size of highly suitable habitat 
(χ2 = 4.85, df = 1, P < 0.03).

3.5. Poisoning and livestock depredation

The rate of large carnivores' attacks on livestock was two times 
higher in the area of poisoning incidents 49.11 (± 50.9) attacks per 100 
km2 for the period 2012–2021 compared to random set means 19.47 (±
5.5) attacks per 100 km2 and was within the upper 0.1 % percentile 
(47.4) of random sets distribution (n = 10,000, Fig. D1).

3.6. Poisoning impact on Golden eagle survival rates

The model showed that the yearly survival estimate was 0.85 in 
adults (≥ 4 years old) and increased to 0.96 in the censored model 
excluding poisoning. The same pattern was observed in immatures (1st – 

3rd calendar year) showing lower survival rates, which increased from 
0.78 to 0.91 respectively (Table 1). Season improved model perfor
mance (ΔAICc = 1.41) and winter survival rates were substantially 
lower for both age classes, showing larger confidence intervals (Table 1, 
Appendix E).

3.7. Review of eagle mortality causes and Golden eagle survival rates

The poisoning mortality of golden eagles in the study area (65 % n =
52) was the highest recorded globally, with rates of other studies on the 
species ranging from 0 to 61.4 % across 22 studies (average rate of 14.8 
% (±13.8 %)). The rates ranged from 2.9 to 38 % (average 18.6 % 
(±10.2 %)) for another six eagle species across 15 studies (Table F1).

The survival rate of the adult golden eagles in the study area (0.85) 
was among the lowest across 11 studies reviewed and the lowest among 
telemetry studies (Table 1, Table F2). The respective rate for 2nd – 3rd 
cy immatures (0.73) was also the lowest reported (three studies 
reviewed) as well as for the first three years of life (0.78) (two studies 
reviewed). However, the survival rate was the highest for the first year 
of life (0.88) (three studies reviewed) (Table F2).

4. Discussion

4.1. Mortality causes

Mortality was almost entirely human-induced, as expected for a 
species with no natural predators once fledged (Watson, 2010), and a 
declining population where territorial disputes should be rare, unlike 
saturated populations (Haller, 1996). The 10 poisoned satellite tagged 
individuals in our study represent an alarming one-third of all deployed 
tags (n = 29). Our results corroborate earlier evidence of severe 
poisoning mortality in the studied population (Sidiropoulos et al., 
2024b) and highlight the magnitude of the illegal poisoned bait use in 
the Greek countryside (Ntemiri et al., 2018). Poisoned baits have sub
stantially affected Balkan populations of avian scavengers of conserva
tion concern (Velevski et al., 2015; Xirouchakis, 2019), as is evident also 
of our findings of two griffon (Gyps fulvus) and nine cinereous vultures 
(Aegypius monachus) among the victims of our poisoning cases. Their 
impact on golden eagle populations, however, has so far been over
looked compared to vultures and carnivores, where most conservation 
efforts have focused (Chapron et al., 2014; Oppel et al., 2016; Skartsi 
et al., 2010). Our study showed that the population suffers from the 
highest poisoning mortality recorded for any eagle population 
worldwide.

Although shooting was the second in rank cause of mortality, it 
seems to have diminished, being absent from the telemetry dataset, with 
the last incident recorded 20 years ago. On the other hand, electrocution 
still seems to be an important mortality cause, known to substantially 
affect bird populations in the Balkans, including raptors of conservation 
concern (Demerdzhiev et al., 2014; Demerdzhiev et al., 2009). More
over, wind farm development in Greece is expanding into mountainous 
and natural areas (Kati et al., 2023; Kati et al., 2021) increasingly 
overlapping golden eagle habitats (Sidiropoulos et al., 2024b). Besides 
the scope for increasingly extensive functional habitat loss (Fielding 
et al., 2021), turbine collision mortality should also be expected to rise 

Table 1 
Estimated survival rates for adult and immature golden eagles (95 % Confidence Intervals), with poisoning censored and per season. Numbers in the age group column 
are summarized estimates from available studies (median, range, n = number of studies reviewed).

Age group Survival rate − /+ 95 % CI

Overall Winter Summer

Adult; median = 0.895 (0.76–0.975, n = 10)
0.85 (0.66–0.94) 0.78 (0.54–0.92) 0.97 (0.75–1)

Censored 0.96 (0.76–0.99) 0.96 (0.74–1) 0.96 (0.71–1)

Immature (0.8–0.89, n = 2)
0.78 (0.64–0.87) 0.66 (0.45–0.82) 0.93 (0.71–0.95)

Censored 0.91 (0.78–0.96) 0.92 (0.70–0.98) 0.90 (0.72–0.97)
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in the future, as predicted for other species (Bounas et al., 2025).

4.2. Poisoning practices

Our results showed that carbofuran was the most frequently active 
substance used in baits (29 % of cases, n = 35), consistent with a 
European-wide study on raptor poisoning (Buij et al., 2025). Although 
banned EU-wide in 2008, 90 % of incidents (n = 10) occurred after
wards, suggesting the existence of non-sequestered stocks or illegal 
imports from neighbouring countries (Kitowski et al., 2021; Ntemiri 
et al., 2018). The inability to determine substances in four cases was 
likely due to advanced decomposition, concentrations below the 
detection limit or the lack of analytical methods for all active substance 
groups.

4.3. Seasonal patterns

We found that eagles were poisoned almost exclusively in winter (94 
%, n = 32), although the use of poison baits is a year-round practice 
(Ntemiri et al., 2018). While poisoning cases of obligate scavenger 
raptors in Europe are reported to peak in March–April (Buij et al., 2025), 
in our case, they peaked in January–February. We attribute this pattern 
to the winter diet breadth expansion due to the absence of the main prey 
(tortoises), leading to increased carrion consumption (Sidiropoulos 
et al., 2022), greater vulnerability to poisoning, and lower survival 
estimates.

4.4. Poisoning in protected areas

In agreement with a study in North-Western Spain (Mateo-Tomás 
et al., 2012), our findings showed that poisoning incidents were recor
ded disproportionately close to protected areas, underlining the poor 
implementation of the protected areas network (European Commission, 
2017) and its inefficiency in curtailing illegal activities (Kati et al., 
2015).

4.5. Drivers of poisoning

The prevailing reason for bait use in Greece is disputes between land 
users and retaliation acts, followed by livestock protection or game 
protection against predators, involving mainly livestock farmers and 
hunters (Ntemiri et al., 2018). We showed that golden eagles were more 
likely to be poisoned in areas with higher livestock depredation, 
underscoring the bait use by livestock farmers for retaliative killing of 
large carnivores and livestock capital protection (Mateo-Tomás et al., 
2012). Furthermore, hunters have relative incentives to target smaller 
carnivores and wolves, viewed as threats to game populations and the 
latter, also to valuable hunting dogs which can be vulnerable to wolf 
depredation in our study area (Iliopoulos et al., 2021). Clearer patterns 
might emerge if livestock depredation rates and land use are combined 
with territory occupancy and indirect mortality assessments through 
monitoring the ages of pairs across the study area (Ferrer et al., 2003; 
Hernandez-Matias et al., 2011).

4.6. Golden eagle survival rates

Our results on golden eagle survival rates were among the lowest 
reported for both age classes of adults and immatures, apart from ju
veniles. All 10 adult survival estimates reviewed in Tikkanen et al. 
(2024); table F2) were higher than our estimate of 0.84 (range of 10 
studies 0.86–0.975). Only some indirect estimation methods, other than 
telemetry, showed lower rates for this most crucial population param
eter (Whitfield et al., 2006). For the entire immature period (1-3rd c.y.), 
the two available estimates for non-territorial segments of resident 
populations (Hunt et al., 2017; Whitfield and Fielding, 2017) were both 
higher than our 0.78 annual rate (0.8–0.88 respectively, although the 

Scottish population that is deliberately persecuted was censored for a 
high segment of probable human-induced mortality). On the other hand, 
juveniles, after fledging, remained in their territory until one year old, 
with parental provisioning. Their high-risk period (October–December) 
was shorter than that of wider-ranging second- and third-year imma
tures, reducing bait exposure. Considering survival rates for immatures 
(1–3 c.y.) and adults, and the population's estimated productivity of 0.53 
chicks/pair/year (Sidiropoulos et al., 2024b), only the upper confidence 
intervals (0.94 for adults and 0.89 for immatures) were within healthy 
population values (Whitfield et al., 2004). In the absence of poisoning, 
annual survival rates improved markedly for both age classes and the 
seasonal mortality pattern was also corroborated, as lower winter esti
mates converged with summer.

4.7. Methodological insights

We conducted a comprehensive study focusing on poisoning as the 
main mortality cause for our studied golden eagle population, based on 
available data and inherent limitations. First, the mortality dataset was 
derived from various sources and included 23 % (n = 52) of data 
collected through interviews that were less reliable than other methods. 
However, these incidents were reported in known golden eagle terri
tories where no other eagle species was likely present, and telemetry 
evidence confirmed twice poisoning incidents close to cases reported by 
interviews (Table B1, Fig. D2). In any case, even excluding interview 
data from the analysis, poisoning mortality still exceeds 60 % (n = 48) in 
the population. Second, the national livestock depredation database 
used was available at a coarse municipality scale and might not be 
complete, and < 10 % (n = 23) of poisoning cases missed exact geore
ference. We attempted to overcome spatial uncertainty by applying a 
buffer around incidents and standardizing by area, to reveal the rela
tionship between incident frequency and livestock depredation in
tensity. Third, a more robust survival model could be built if time-series 
data were available for many individuals. The current model produced 
large confidence intervals in survival estimates due to the nature of 
telemetry data used (multiple cohorts of few individuals, territorial birds 
captured in different winters) but provided a first indication of the 
substantial negative impact of poisoning on the population's long-term 
survival. Additionally, we did not examine the poisoning mortality 
trend for the last thirty years since the trend could reflect either genuine 
temporal trends (Bautista, 2024) or be confounded by non-reported 
incidents due to the absence of systematic long-term monitoring of 
golden eagle mortality. Finally, we did not have the possibility to test for 
lead poisoning, a major mortality factor elsewhere (Krone, 2018). 
Although the evidence we collected (field data, necropsies) does not 
point to any of our cases being directly attributable to lead, further 
investigation should take account of this possibility, especially as effects 
of lead poisoning might be masked by other apparent conditions such as 
unexplained trauma, otherwise avoidable in healthy birds.

Despite all the above limitations, the convergence of several lines of 
evidence (multiple datasets, spatial patterns, known fate survival 
model) clearly points to an alarming situation for our studied popula
tion, attributable to high poisoning mortality during winter. Finally, the 
present study is another example where satellite telemetry has proven 
invaluable for detecting persecution and other threats (Whitfield and 
Fielding, 2017; Bautista et al., 2024; Berny et al., 2015). It should be 
expanded in geographical coverage and intensified for both dispersing 
and territorial individuals, the latter especially in areas of high 
human–carnivore conflict.

4.8. Conservation implications for Greek policy

We believe that an urgent combination of measures at the legislative, 
enforcement and prevention levels is needed, and we provide a list of 
detailed potential measures in Appendix E. First, dedicated wildlife 
crime legislation is required to clarify and streamline legal processes and 
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alleviate jurisdiction conflicts. Specialised wildlife crime investigation is 
needed, adopting Standard Operating Procedures (Valverde et al., 2022) 
and sophisticated forensic techniques, such as those established by the 
Balkan DETOX LIFE project (LIFE19 GIE/NL/001016), whose capacity 
building should be expanded and include the judiciary. Standardization 
should apply in on-site investigation procedures. and necropsies. There 
is an urgent need for investment in the capacity of toxicological analyses 
to obtain immediate results. Poisoning, or suspected poisoning in
cidents, must be prioritised in the investigation, and strict penalties must 
be applied in successful prosecutions.

At the same time, preventive policies against the motives of poisoned 
baits use, should focus on the improvement in compensation of livestock 
depredation, support for novel and traditional ecological knowledge 
applications in livestock husbandry (Durá-Alemañ et al., 2024; Ilio
poulos et al., 2019; Petridou et al., 2023) and the engagement of the 
hunting community. Specifically for the golden eagle, result based Agri- 
environment measures (rewarding for golden eagle pair presence) can 
be implemented in key breeding and dispersal areas (Herzon, 2022), in 
combination with supplementary feeding at least during the winter 
months (López-Peinado et al., 2023). Finally, besides appropriate siting 
of potentially dangerous infrastructure (Murgatroyd et al., 2021; Vasi
lakis et al., 2016), retrofitting and other preventive measures, and 
environmental liability in case of negligence should be introduced 
(Appendix E, table E1).

4.9. Conclusion

This study highlights how different types of data can be used to 
identify crucial threats for species of conservation concern where 
quantitative analyses are lacking and wildlife crime interventions are 
urgently needed. Our results reveal that unless golden eagle poisoning is 
immediately addressed with a combination of engagement of land users, 
preventive policies and law enforcement, the golden eagle population in 
Northern Greece is likely to collapse like other large eagles and vultures 
in the country (Handrinos and Akriotis, 1997). This poisoning impact 
has resulted in some of the lowest survival rates and the highest 
poisoning mortality globally. This extreme for a facultative scavenger 
predicament clearly indicates the gravity of the illegal poisoned bait use 
in the Greek countryside, impacting several species of conservation 
concern such as threatened cinereous and griffon Vultures and requiring 
an urgent, immense statutory and enforcement investment.
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